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Preface

The work reported herein was conducted as part of the Water Quality
Research Program (WQRP), Work Unit 32369. The WQRP is sponsored by
the Headquarters, U.S. Army Corps of Engineers (HQUSACE), and is 0
assigned to the US. Army Engineer Waterways Experinlent Station (WES)
under the purview of the Environmental Laboratory (EL), Funding was pro-
vided under Department of the Army Appropriation No. 96X3121, Genera!
Investigation. The WQRP is managed under the Environmental Resources
Research and Assistance Programs (ERRAP), Mr. J. L. Decell, Manager.
Mr. Robert C. Gu'ikel, Jr., was Assistant Manager, ERRAP, fot the WQRP. 0

Program Monitois during this study were Mr. Fredrick B. Juhle, Mr. Rixie
Hardy, and Dr. John Bushman, HQUSACE.

The report was prepared by Mr. Michael C. Vorwerk and Ms. Jennifer A.
Moore of DynTel Corporation, Vicksburg, MS, under contract to the Envi- 0 0
ronmental Processes and Effects Division (EPED), EL, and Mr. Joe H.
Carroll, EPED. The authors gratefully acknowledge the support and assis-
tance of personnel associated with WES's I rotters Shoals Limnological
Research Facility, Calhoun Falls, SC. The authors are thankful to
Messrs. John Lemons, DynTel Corporation, Jerry ML.Swain, U.S. Army 0
Engineer Division, South Atlantic, and l3ethel Herrold, Southwestern Power
Authority, for Beta testing the software and providing helpful comments on
the documentation.

This report consists of documentation for MONITOR, a remote water
quality monitoring system software package. Included are the documentation, 0

-i.1the program, and a separate progra ýea for direct communication to a
co•mn port. This is software Version MONITOR 8,0 and documentation Ver-

sion 2 0. The software was written by Mr. Vorwerk.L' The authors wish to continually improve the quality of this software.

Users arc encouraged to direct comments, suggestions, or questions to

Trotters Shoals Limnological Researcl Facility
P.O. Box 533

Calhoun Falls, SC 29628
Phone (803)447-8561 0
Fax (803)447-8563
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If you experiene .ifficulth using this software, please check to see that
"you have followed all directions correctly and that your questions are not
answered in the ERRORS AND ERROR MESSAGES sectior before
"requesting assistance.

For assistance with the Hydroial, instrument only, contact Hydrolab Corpo-
ration at P.O. Box 50116, Austin, TX 78731, telephone 1-800.949-3766.

The work was perTormfed under the general supervision of Dr. Richard E.
Price, Acting Chief. Ecosystem Processes and Effects Branch, EPED;
Mr. Donald 1, Rohey, Chief, EPED: and Dr. John W, Keeley, Director, EL.

At the time of publication otf this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

0
This report should he cited as follows:

Vorwerk, M. C., Moore, J. A., and Carroll, J. H. (1996).
"Water quality remote monitor control and data management soft-
ware," Instruction Report W-96-1, U.S. Army Engineer Waterways
Experiment Station, Vicksburg, MS.
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1 Introduction

This program will save data collected via a Hydrolab H20 water quality
data sondo. A typical ins;tallation will have the 1-120 installed either in a wet
well or with a flow-through cell. The H20 is connected to a data collection 0
computer via an RS-232 connection. MONITOR.EXE and MONIINIT.DAT
software that controls the sonde are installed on the computer. The computer
can be accessed via modem for remote operation, data transfer, or for real-
time information about water quality conditions. Included in this report are
the documentation, the program (Appendix A). a program used tbr direct
"communication to a comm port (Appendix B), a sample calibration record
"(Appendix C), aad a bibliography of suggested readings (Appendix D).

The program features are as follows:
to Program piepares H20 parameters for use. •

0 Program calibrates time of H20 to that of the computer.

0 Program calibrates 1120 interval.

0 Program will record observations at whole 0Multiple,; of the interval.

S Program operates from a subdirectory specified in the initialization file.

* Program stores data in a main data file, which is user prescribed in the
initialization file. 0

* Program stores data in daily files named SSMMDDYY.DAT. The
program changes file name each day. SS are the first two characters of
the station specified by the user in the initialization file.

P rogram can he set up to print a warning in the main file when param-
eters fall outside of user-specified limits set in the initialization file.

* Direct communication to the 1120 is password protected, preventing
"casual" users froi u, nauthorizcd tampering with 1120 parameters and
Scalibration,

Cbrpn I /!~(LI:~I
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* Direct C0 irriLIniciltiOri Ses'sions are recorded and highlighted in thle
mnainl file.

AK)
0 Current and previous dalta tiles may be pi inted to the screen or saved to

* at disk by users having it "prinlter ac~ess only" password.

* Progra in mitonmat icall y records start thnre and d ate in thle in ain data file.

*1 Program can be specified in the AUTII'1-XEC. BAT file to antomnatically
in it iate Upon hoot otf thne comiput er

*1 Main latia file is conmma delimnited for ease in importing into
applications.

0 NIain data tile inluC~des decimal hour time for ease in plotting.0

* Daily tiles are space delimited for ease of data review.

0 Each observation is ",stand-alone," with all identifiers included.

F, The option to quit logging is password protected, thus preventing unau-
thor ized termlinatiOn Of logg inrg.

* Tre nmainr and printer-access-only passwords areC User specified in the
* 1 initial izatiorn file.

* P'rogrami saves teInperlattire, dissolved oxygen, and specific condurctivity
data.

26
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2 Software and Hardware
Specifications

* he software consists of an extecutable file. MONITOR.EXE, and an ini-
tialization file, MONIINIT.DAT. During use, the program wil! generate five

* temporary files called TEMPFIL'..DAT, TEMPFIL2.DAT, TEMPP-IL3.DAT,
TEMPFIL8.DAT, and DAILYFIL.DAT. The TE7MPFIL#.DAT files mlay be
deleted at any thime while thte program is not operating; however, the
DAILYFIL.DAT should not he deleted. This file contains a record of the
daily tiles generated by the programn and is used by the printer feature of tle
program. The total size for all seven files is ahout 80 k-bytes.

The program generates a main data file, using a name you specify in the
initialization tile (MONIINIT.DAT'), at daily fIle, and a tile called
rJAILYFILDA , which contains the inames of each daily file generated. The 0 *
daily tiles are namied SSMMDDYY.DAT', where SS are thle first two chiarac-
ter's of tlV station iiamie specified inl thle initialization file0, and M MDDYY is
the date of the data held in the daily tile. All data storage tiles and temporary
tiles are stored in a subdirectory sp)c iCIC'ie by thle uIser in thle iniltiall iiationI file.

This pro grlam htas several req j~iii tenlte ts tillu. I i rst thle II)rOgrail
requ~ires a1 dedicated IB3M-compIIatibleI computer. Because the program does

I. ~not require much hard drive space or a fast ciiomputer, a 286 computer with
any size hard driive may be dedicated as a ionito t ,-I-t' recorwdin g maclhine.

Secon rd, the software wni st be installed oin the h aid drive in at User-S

speC tfied directory reserved only for moitor1 intOw urinatio(1. See SofItware
Installation for mlore infOrin'it ion.

Last, this software is prepared Ilor use oiilý with the H ydrolab Instruments
Lod 1-12t (Hydrolab Corporationi, Austin. TN) water qu1ality sonde, Though ti ere

*1 ~are mnany si nlilIar waitur quality siondes oil tbe ina:rket that ire capableit of'
n1ol iti i i g tilie saiit p aramet ers as tle 1I120, lie 11I20 is iii cilon imon use alid is

Used extensively at DynTel ('orporatioii. Thus, th is .;oftwai'e was written spe-
cifically for cOnti-ollinig an 1120 and storing water quality data rOceived froml

thal soiide.

Chapit. 2 Sufiwaro midh H~nadvvicr S;,,,itmiui,; 3
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Monitor Setup

'typical monlitor setups, as shown in Figure 1. include a Hydrolah H-20
sonde deployed in a wet we]]. mixing chamiber. or c:onnected to a flow-
through cell. Tile sonde is connected to a. couterl)Ltl via a Hydrolab cable or
four-wire phone11 Cabie and all RS-232 serial polrt. A standard 12-V deep-cycle
buttery provide~s the power fiv- the 1120. This battery is maintained at fullI
charge by a low-amperage trickleý charger. Thle compuiter uses tile MONITOR
program to record data from (lhe sonde. A naodein canl also he connected to
thle computer. Th is allows data transfer and instartt,.ncu)S readings to remote
users. Ini addition. use of an uninterruptable power supply is recommended to
prevent pro)blems due to power failure or su-.ges.

Initially, the header of the H 20 miust he disabled, and the interval should
he set to zero. This prevents Commu11.nication overflow during MONITOR
initiation. To make these changes, you must establisht a direct connection with
the 1420 as (described in the 1420 manual. After con~necting, the sonde to tlte
computor cable, the program CON4TALKR. EXE (code sho~wn in Appendix B)
canl be used thr convenient direCt communications. At this time, the fi dlowving

changes mlay he made:

To disal-le the header, type the following:

C-'a. Space bar to get the 1-120 on-line mienuj.

h. "V* for variable,

c. "H" forhedr

d. "D fordisable.

To set the interval to zero. type thle followiltg:

j. Space bar to get the 1`20) oni-line menu.

1). "C fbr Calibrate.

"."I" for interval -

el. "0ti00000 to set in'terval to zero.

2 ,. Enter.

It VouI areL uIsing a f'actC y-m1ade Ilydrolab cable to ruin from the sondL! to
thle comFlputer, theret ShmIdI!k be no0 dlifcllC1tieS illn esablishing connuo1LniCatiolt.
If' YOU are Using, phIteI1 Cable to rim fromi thle H-20 to the( colmpoiter. the IZS-232IConnector leading to the Computer mu1LSt be sp~ecially ]WRde So that time p~ins nlot
alctuljjly ujsed tnr] communlicatiOn s theL 1-120) n1MaLMmu) are jum11ped together to

MA 1
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Software Installation

Copy the MONITOR.EXE and MONIINIT.DAT software to the directory @
in which you wish t, store the program and data (e.g., C:W\MONITOR). The
enclosW NIONIINIT.DAT file is only a sample tile. You must corfigure this
initialization file ior your own requirements. Edit the MONIINIT.DAT file
4nd include the fIllowing parameters in a comma-delimited format:

Subdirectory, re:;ervoir, station, samph' ýnterval, file name and file extension 0
to store data in, comm port used to communi-cate with the H20, baud rate
used fir Lommunication, floppy drive to savu data to during operation, upper
bound for temperature, lower bound for temperature, upper bound for dus-
solved oxygen, lower bound for dissolved oxygen, upper bound for specific
conductivity, lower bound for specific conductivity, Y or N to use or not use S
DRIVESAVE, main paýssword, and vrint-access-only password.

Here are two examples:

MONITOR, HW, 200. 60. MONI.DAT, 2, 1200, A-\, 30, 7, 9,1, 100,
20,YDATA,ELBOW

IMONISYS. RB. 50. 10,DATA.DAT, 1, 1200, B:\,
30,7,9.5.5, 100,20, N, DOG EA RJ USTI N

Please note that the information above is shown on two lines because of mar- 0 *
gin limitations. In -he MONIINIT.DAT tile, the information should all be on
one line.

The initialization information serves several purposes. The subdirectory
instructs the program wheic to find the necessary tiles to run and store the
data. The reservoir and station are used to identify the observations, thus S
making it easier to combine information from more than one monitor system.
The interval (in minutes) inst-ucts the computer to record data at the user-
specified intervals. The file name instructs the computer where to store the
data. This is the main tata file. The comm port number (I or 2) instructs the
computer regarding which port the H20 will communicate through, and the
baud rate (1200 or 2400) instructs the coMputer regarding which rate to use

;i for communiucation to the 1-20. The floppy drive instructs the computer
where to transfer data it' the user chooses to copy data during program opera-

tion. The upper and lower bounds for the variables are simply used as
"alarms." Note: It' the range is too narrow, an "out of range" message will

appear. Continually editing this message out of thie data can be time-
I• consuming. U sing the wideyt range is reconmmended if possible. If your

applcation value the H120 gives for the variable is outside of the range speci-
lied, a warning mcv,,:age will appear in the data file. The Y or N switch
entbles or disables )RIVESAVE, a feature that prevents the hard drive fromi
continuously spllninig. Typicall,, this should be set to Y. Temtperature, dis-
Solved oxygen1, and spec jfk c:ondu~ctiv ity are at wavs enabled. The first

ChaIdior 2 So• vw,,afte airnd Hardware Sp(,ciffcanuoiu
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password is the main passwvord, which may be usel to access any portion of
the program. The second password is a print-access-only password. This is
used to allow others access to the data and instantaneous readings, but not
direct k_)mmunication with the H20 or the ability to quit the logging program.

The MONITOR.EXE file name should also be included in the
AUTOEXEC.BAT file in your computer's root directory. This will allow the
program to boot up upon restart of the computer in the event of power failure.
Thus, no data will be lost except during the time of the power failure. An
example of an AUTOEXEC.BAT file that has been modified for use in a 0
monitoring system is illustrated in Figure 2. Note that the last line is the pro-
gram name, MONITOR.EXE, and the path where the program is stored.
This causes the program to start running when the computer boots up. You
must also copy the initialization file, MONINIT.DAT, to the root directory
(C:\MONINIT.DAT), so the computer can find the initialization file upon
restart.

C:\WIND OWS\S MA RTDR V. EX
C:\24XMODE MONITOR
@ECHO OFF
PROMPT SPSG
SET MOUSE GC:\SW\MOUSE
C:\WINDOWS\MOUSE.COM /Y
PATH:C\SW\WINWORD;C:\SW\E XCEL;C :\WINDOWS;C:'\DOS:C.',MONITOR
SET TEMP = C:\DOS
MOUSECOM

NC
C:\DOS\SHARE.EXE
C:\MONITOR\MONITOR.EXE

Figure 2. AUTOEXEC.BAT file

C7
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S3 Running the Program

A To run the program, simply type in MONITOR at the cursor. Several

screens of essential information will be di. layed as the program starts up.
Scrutinize these to ensure that the data are stored in the appropriate file and
that the computer's time and date arc correct.

The first screen of importance is the identification screen (Figure 3). This
screen contains information concerning the version, contact 1dresses, and
phone numbers. Note that the version number is locateo on the second line
from the bottom. This should be used any time questions are addressed about
the program.

PROGRAM WRITTEN RY
MICHAEL VORWERK S

COMPUTER SCIENCES CORPORATION
TROTTERS SHOALS LIMNOLOGIc.A1 RESEARCH FACILITY

P.O. BOX 533
CALHOUN FALLS, SC 29628

USA

1803) 447-8561 (803) 447-8563 (FAX) 0

THIS SOFTWARE PREPARED WHILE WORKING UNDER CONTRACT TO TH"
USACE-WES-ES-P

COMMENTS, SUGGESTIONS, AND QUESTIONS WELCOME

MONITOR •
VERSION 8.0

PLEASE WAIT...

Figure 3. Identification screen

The nexi significant screen is the date and time screen (Figure 4). Since
the program records data using the computer's built-in clock. you nust be
certain that the computer date and time are correct. If they are not, type--
CTRL-Q and exit the program.

8
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THE COMPUTER DATE AND TIME ARE 09-27-1995 08:04:03

TO ENSURE THAT THE PROGRAM HAS CORRECT TIMES AND DATES,

PLEASE VERIFY THAT THESE ARE CORRECT. IF NOT, EXIT (CTRL-Q) O
AND RESET THE COMPUTER CLOCK. PLEASE WAIT..

Figure 4. Time and date start-up screen
S

Remember to allow several seconds for the response after you type
CTRL-Q. Once you are back at the C prompt, type TIME and reset the time.
Next, type DATE and reset the date. To ensure that you have properly
changed the time and date, type time and date again and check the computer
values. If acceptable, press the ENTER key and restart MONITOR. 0

Next, tie initialization screen, Figure 5, provides a good check to see that
the values you have entered in the initialization file are in the correct order,
The main data storage file name (in this case, MONIDATA.DAT) is dis-
played, as is the reservoir (RB), the station (S200), and the sample interval
(60) in minutes. If the information shown in this screen is not what you
intended when you edited the initialization file MONIINIT.DAT, type
CTRL-Q and exit the program. Again, allow several seconds for the program
to exit. Once back at the C Prompt, edit the MONIINIT.DAI file and format
the information as described in the Software Installation section. Be aware
that if the program cannot find the initialization file or if all of the parameters 0 0
are not in the initialization file, the program will crash before you get to this
screen. You mu:;t ensure that the initialization file and the executable
program are in the same directory and that all of the parameters are specified
correctly in the initialization file.

Displayed on the communications screen in Figure 6 are both the active 6
communication port (in this case 2) and baud rate (1200). Note that the
choices consist only of comm port 1 or comm port 2 and baud rame 1200 or
baud rate 2400. Communication to the H20 is typically 1200 baud. The
comm port required will depend on computer configuration. Usually comm
port I is a nine pin port, and comm port 2 is a 25 pin port. Using various •
cables, adapters, and gender changes, the H20 can be made to talk to either
type. Also, note that occasionally the program crashes while trying to open
the comm port. For instance, if the H20 is not plugged into the comm port,
you will get a "Device time-out" error. In addition to this error, there are
several other possible errors listed in the Errors and Error Messages section of
this report. Their possible solutions are also detailed in that section.

The tlydrolab preparation screen, Figure 7, serves several purposes.
First, the screen enables all of the parameters. Then, it systematically
disables parameters that will not be recorded. The disabled parameters
include the tfllowing: •

Chapter 3 R-inilrlg the Pr)•fUlr 9
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HERE ARE THE MONITOR PARAMETERS SPECIFIED IN TH-IE INITIALIZATION FILL

MONIINIT.DAT! ()

THE MAIN DATA FILE IS; C:\MONITOR\MONIDATA.DAT 0
THE RESERVOIR IS: RB
THE STATION IS: S200 4,1

THE INTERVAL IS: 60 MINUTES

THE UPPER TEMPERATURE BOUND IS: 30 DEGREES
THE LOWER TEMPERATURE BOUND IS: 6 DEGREES

THE UPPER DISSOLVED OXYGEN BOUND IS: 10 MGtL S
THE LOWER TEMPERATURE BOUND IS: 2 MGIL

DRIVESAVE IS ON

IF THIS INFORMATION IS NOT CORRECT, (CTRL-Q) TO QUIT T HIS PROGRAM, S
THEN EDIT THE INITIALIZATION FILE MONIINrr.DAT TO INCLUDE THE CORRECT

PARAMETERS. PLEASE WAIT...

Figure 5. Initialization screen
S

COMMUNICATIONS PORT 2 IS OPEN AT 1200 BAUD RATE

DATA IS APPENDED TO MONIDATADAT: ^M TO MEASURE

Figure 6. Communications screen

PROGRAM WILL PREPARE HYDROLAB FOR USE. (CTRL-O TO QUIT)

PROGRAM IS ENABLING ALL PARAMETERS, PLEASE WAIT...

PROGRAM IS DISABLING P, PLEASE WAIT...
PROGRAM IS DISABLING S, PLEASE WAIT.,.

PROGRAM IS DISABLING %, PLEASE WAIT...

PROGRAM IS DISABLING R, PLEASE WAIT...
PROGRAM IS DISABLING D, PLEASE WAIT... r

CALIBRATING TIME ON H20, PLEASE WAIT...
PROGRAM IS PREPARING H20 INTERVAL. PLEASE W4.I...

Figure 7. Hydrolab preparation screen

10
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'• I P(pH)

S(alinity)i•]• R~edox% (percentpoetilsaturation for dissolved o~xygen) • tU

R(edox potential)
D(epth)

4),

"This leaves the parameters to be recorded, which are those of most coin-
mon interest in tailwater and release monitoring. These recorded parameters
are as follows:

S

O(dissolved oxygen, mg/f)
T(emperature)
S(pecific conductivity)
B(attery)

0
Next, the program calibrates the H20 interval to 000000 to prevent the

H20 from sending any "stray" data readings to the computer. Then the pro-
gram calibrates the H20 time to match the computer time. This gives a
backup timing system, so if the computer or H20 should lose power or other-
wise go down, you will always be able to recover the correct time of any
"observation. •

The main data recording screen, Figure 8, shows the data as they are
logged. The date and time of the start of the program are shown first. As
data are recorded over time, that information will be scrolled off the screen,
The screen will always have the header and the data values for reservoir, sta- * *
tion, month, day, year, computer time, Hydrolab time, temperature, specific
conductivity, dissolved oxygen, and battery. On program start-up, the initial
query of the 1-120 is often garbled resulting in a "Data not acquired" error.
Thus, two observations are recorded to ensure that the data are captured.

DRIVESAVE IS ON. SLEEPING 10 SECONDS, PLEASE WAIT FOR RESPONSE TO
KEYSTROKES....

RES STATION MTH DAY YEAR TIME H2OTIME TEMP SPCOND DO BATT

R1 200 09 27 19'Y- 0743 074306 21.57 107.0 3.80 12.5
RG 200 09 27 1995 0843 084306 22.65 112.0 3.66 12.5 S

DATA ARE APPENDED TO MONIDATA.DAT: ^M TO MEASURE

Figure 8. Main data recording screen

At the bottom of the screen in Figure 8, you are reminded that the data
are being appended to the main data recording file. At anytime, CTRL-Q will
quit the program, but the ot)tion to (]uit can only hi- accessed by the main

Chapltr 3 Ru• ig the Pcogfam 11
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password. Thus, you can allow other users to look at the data files with less
apprehension that the programn might he disrupted or exited altogether. P)

Once the program is logging, the only active keys are CTRL-M,
CTRL-Q, CTRL-P. and CTRL-T. Iliese commands allow access to the user
menus while preventing any errors associated with careless or accidental key-
strokes. At any time, CTRL-M will take an instantaneous reading, and
CTRL-Q will quit the program. CTRL--P will print data, detailed in the Print-
ing it File section, and CTRL-T will allow talking to the H20 directly as 0
detailed in the Iustantaneous Readings section, 4ote that the computer may
take up to 10 sec to respond to any commands. Please be patient before try-
ing a second set of keystrokes.

Instantaneous Readings 0

Once die program is logging, instantaneous readings are available from the
Hydrolab by typing CTRL-M for "measure" or by entering CTRL-T for the
direct connect mode. Note that the computer screen has no prompts telling
the operator this access sequence. The option to communicate directly with 0
the H20 is password protected, accessed only via the main password. Thus,
the printer-access-only password cannot conmmunlicale directly with tie 1120.
This helps prevent casual interference by unauthorized users. Previous experi
ence has shown that casual users may inadvertently press the •pace bar,
accessing the H20 menu, and then walk away. This leaves the H-20 waiting *
for a command and not logging data.

After typing CTRL-T. the screen will issue a prompt stating that you are in
the direct connect mode and that CTRL-L will lock tile com1,munications and
return you to the inain data recording screen. In this direct connect window,
you may conuiunicate with the H20 by pressing the space bar to access the
1120 on-line mienu. Next, typing an "M" will give a measurement, i.e., all
instantaneous reading of current water quality conditions. Any other commu-
nications that may be perltimed with an 1-20 (see 1-120 manual) can be carried
out from this screen.

The commnnuication will be recorded in tihe main data file. This coinnuni- l.
cation is separated from normal recording by having a row of asterisks printed
before and after the communication. The computer date and time of the coin-
nmunication are recorded at the beginning of the direct connect,

Below is an exanmple of the direct connect screen. Figure 9, as it appears
prior to any comniu nication with the H20. To cud the direct connect session,
type CTRL-L. This witl return you to the data recording screen. Please note
that it may take several soconds after typing tihe CTR, I -L to return ito lie in aill
recording screen. Occasionally, you may accidentally type CTRL-T more
titatn one ti e. T]Ihis Causes te sct•een tm have a series of numnib'ers at the hot.
ton,, which miay be elirninated by entering CTRL--T again.

• 12
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DIRECT COM WITH HYDROLAB, SPACEBAR(MENUi, ^L(CONT. LOGGING), ^Q(QUIT)

Figure 9. Direct connect screen

"Figure 10 is an example of a main data tile that was annotated by a direct 0
communication session. Note that the data in the file is in a comma-delimited
format for easier importing into other applications, such as spreadsheets, The
direct communication session is set off from thie data by two rows of asterisks.
The ini-dals of tie persor ,nitiating the direct connect are recorded as well as
the date and time of the communication. In this example, an instantaneous
reading was taken by pressing the space bar, which gives the Hydrolab an
on-line menu, PCVHMI, and then typing an M to Lake a measurement, or
instantanuous reading. This and other communication possibilities are detailed
in the H20 manual.

RB, 200, 6470.283 ,09,27,199 ,1 A.11 7.ý9,141758,24.94,108.7,3.11,1 2.5
RB, 200, 6470.3 ,O9,27,1995,14,18,11,141810,24.96,108.7,3.11,12.5
RB, 200, G470.317 ,09,27,1995,14,19,03;,141902,24.96,108.7,3.1 1,112.5
RB, 200. 6470.333 ,09,27,1995,14,20,16,1420195,24,98,108.7,3.1O,1 2.,6
R1, 200, 6470.333 ,09,27,1995.14,20,18,142017,24.98,108.7,3.11,12.b

DIRECT CONNECT HAS BEEN ESTABLISHLO BY MCV 0
COMPUTER DATE IS 09.-27-1995 COMPUTER TIME I )4:20:24
PCVHMI: M
142027 24.98 108.7 3.11 12.5

R3, 200, 6470.333,09,27,1995,14,20,32,142031.24,98,108.7,3.11,12.5
RB, 200, 6470.35,09,27,1995,14,21,04.142103,2,.99,108.7,3.11.12.5
RB, 200, 6470.367,C09,27,1995.14,22.06,142205."4.99,108.7,3.12,12.5 0
RB, 200, 6470.383 ,09,27,1995,14,23,08,142307.25.01,108.7.3.12.12.5

Figure 10. Main data file

I0

Calibrating the H20

Io calibrate the H20, access the diiect communication screen by typingLCTRII.,-T. Then enter the main password. This will establish a direct connec-
tion to the 1-120, as detailed above in the section Instantaneous Readings. S
Refer to the. H-'.0 mannual for further calibration instructions. A sample cali-
bration record sheet is included in Appendix C. When calibration is
complete, the direct connection can be ended by typing CTRL-L to lock the
communications. This will return you to the main data recording screen.
Alternatively, to calibrate, you may quit the program and establish a direct
connection to the sonde using the CO'MTALKI!.FXE soltwar'e.

Chlp1,,r 3 Runniri, Am Program '1 3
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To c~ilibrate dissolved Oxygen Using the percent saturation method, as
detailed in the 1120 manual. you mnust first re-enable %. To do this, establish
a direct connection with the 1120 Using die CTPL-T COnImland. Next, press
the space bar to access the 1120 menu. Type. "I,, for parameters, "50"' or 0
percent saturation, and "E" for enable. This will cause the 1120 to have five
enabled parameters. This canl he verified by takin~g an instantaneous reading
(pressing space bar followed by "M"). Next calibrate according to the 1120
Jprocedures detailed in the 1120 mlaflUal. Disable the % parameter by pressing
the space bar, followed by "I', "%", and "D". This will cauSe the H-20 to
again have four parameters. Verily this by taking another imstantancous road-
ing. If you do not disable %,. the program will not correctly log data.

Another comm() n method ii Ical ibrat k i is to cal ibhrate the 1120 to a W inlkir
titrat ion standar-d. This is a mneth od of (Ieterm in ing the concentrat ion) of dis-
solved oxygen in the water using titration techniques. This is detailed in thie
current issue of'Standlard Mlethodisjhr i/ic Analyvsis qf Water andl Wuasteivater

Note: It is convenient to have a spare sonde that is calibrated in thle Office.

Then you nieed only take the sonde to the monitor site, exchange sondes, and
restart the MONITOR programi. This restart is necessary to ensure corrcct
calibration of' the 1-120 time. Tile sonldL that was in the field can be brought to
thle Office, Cleaned, ser'viced., andpeprd I bNI iTl' redeplloylment.

Printing a File
S

TO print a tile, type C]I RL-P from the main data recor-dbig scrueen. You
will be prompted lfor the pinnt inig passwrnd amnd yo ii initials. TIe tiliite prl~int
sc reeni will appear, and yo m will be reminiid edI of' the mna in d at afile namle an d
the current daily data file miaino. 11' YOU wiSh to View one of these two 1file
namles, Si mplIy type thle n anim at thle PI)i 11 and preCSs en ter,. Also, you imay

enter any prevkinus dIata fi'.e lbor pr inin g . However, cantaion is inl orider.
becaus~e the pr igrain may crash if you enter ain in valid (no1ne xisting) file
n a me. 1If tIo 0P rog ranl cr-ISli s , simpll ly rest ar the MOUNITO )R p~ro grain.

T'he printing screen, Figur i1 I, displays seve ral ii n Irtamn t pieces oif in Ii n*-
nIlation,. It shows tho( muainl data tile namne, in this, case, MONIDATAIJAT,
and die current daily tile name, which is S•S092795.l)AT for ) this exaliliplo.
1(1 view or- save one of, these files, or ally previ~~ ous daily tile, siiilill)y type tile

name at the ProliOlpt and prSS return1. 11' you Wi'J to return-1 to tile mlain prO-
graiii, type "IC" and l)iC55 EINTlER,

Aftr yu hvc nte'edte tile nam and pre'ssed return-1, YOU Will lie g1iven

thle option to (V)iew the tile onl the screen, to NSave the tile to disk, or to
(R)eiornl to tile miain data rocoiding screenmias shown inl Figure 12. ( iioose anl
option. It you viev.' tile file onl the scrceen and tefile -1 is tool long to lit onl tile
Screen, YOU need to hit 10tUrnl to scroll thr1ouh1 tile entire tile. At the

14
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-- WELCOME TO THE MONITOOR PRINTLR SU0BRUTINE

PLEASE ENTER THE NAME OF THE FILE YOU WISH 3"O V;EW OR SAVE
THE MAIN FILE YOU SPECIFIED FOR DATA ,TOFiAGE IS C:\MONITOR\MONIDATA.DAT

DAILY FILES ARE STOIRED AS STMMDDYY.DAT,

THE LAST DAILY FILE WAS C:\MONIrOR\SS092795.DAT

TYPE THE FILE NAME WITHOUT PATH. FOR EXAMPLE, FILENAMEDAT
ENTER FILENAME HERE: S

SFigure 11. Printing screen

I0
TYPE V TO VIEW, S TO SAVE TO DISK, OR R TO RETURN TO PROGRAM.
THE FILE SELECTED IS: S2051 595.DAT

Figure 2. Output selection screen

completion of either print option, the program will return to the main data
"recording screen.

Data File Use 0

The program saves data ill two different types of files, a lnain data tile and
daily files. The daily tiles are intended only as a convenient way to look at
current and previous data while recording data with the MONITOR program
(Figure 13). The daily tiles arc space delimited and have thie same inlforma-
tion as you see on the computer screea when the program is runining. No
retords of direct connections, printillgs, oir calibiatiins are shown on the daily
tiles.

050 2 199b 1031 DATA NOT ACQUIRED
R13 S200 05 02 1995 1031 103147 19.89 1.0 4.14 12.3
05 02 1995 1034 DA1A NOT ACQUIRFD
RB S200 05O02 1995 1034 103452 19.89 0.9 4.1!5 12.3
RB S200 Or 02 1995 1035 103519 19.90 0,9 4.1? 12.3
RB S200 05 02 1995 1035 103525 19.bO 1.04.16 12.3
RU S200O602 1995 1035 103538 19.90 1.0 4.17 12.3
F .1S200 06 02 1995 1035 103552 19.90 1.0 4.16 12.3 •

RB S20U 05 02 1995 1037 103701 19.90 1.0 4.18 12.3
"RB S200 0 02 1995 1037 103707 19.90 1.0 4.18 12.3

Figure 13. Daily file

• (uhll~t.li 3 Ru;JICII III ,I -'rth l PcllrJrn 15
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The other type is a main data tile (Figoe1) hemi aa iei h
onei to be vise for 1nclus ion in any master data set or for any datta analysis.
The main data file hats a header and Comma11;-dcl imlited d1.1a for- easy imp~jort
Into Various applications such as spreadsheets or graphics packages. Note that
the tile has the date and timie Of initiation, thle date and timec of ending, and
the initials of, the person ending thle, program: in this particular example, there
is also an asterisked region containing a direct connect log, ats discussed in
Instantaneous Read ings.

I-ROGR1AM INITIATED 09.2 7 1994 14:10:50

RES STAT ION DECHOUR MTH DAY Y[Ak 10011 MIN SLC H201IME TEMP SPCOND 00 BATT

RB,200, 6470.167 ,09,27,1994,14,10,52,141050,24.ti6,108.7,3.1 1,12.!i
BB,200, 6470.167.,09 ,27,1994,14,10,54,1410133,24.9b,)1081.7,3.1 1,12.1,

DIRECT CONNECT HAS BEEN ESTIALLISIIED BY M(IX

COMPUI Li DAIL IS 09-27-1994 COMPUI- tI 1 IMI IS 1-1: 11:02 i'CVIIMI: M
141 I07 24.1,16 109.7 3.10 12.1,
PCVIIMI: M

141110 24.836 109.37 3.10 12.J,

H B,?20 0,134 70.11.I3,0 9,2 7,19 9 4,14,1 1.15,14 11 14,2 4. H6, 10H. 7,3.10,112.56
R 01, 2 00, 64 70. 1 B3,09,2 7,19 94,14,1 1,117,1141 1 1 i, 24.1t16f, 10 F. 7,3. 10,12,O
OB,200,04 70.2,0i,2 7,1994,14,12,09.141208.24.H0,IlOtt 7,.1.11,12.b
0ti3200,(9470.283,09,27,1904,14,17,57,141l51b,24 96,1011.1,3.1 1,12.1,
0t3,200,6470.29i3,09,27,1994,14,1 7,b9,141/1-56,24 94,108.7,3.1 1,12.5.
1 t8,200,U4 70.3,09,2 7,1994,14,18,1 1,141It?10, 24.I1i6,11 Ol 7/:3.11,12.5
1i9,200,6,470,317,09,27,1994,14,1 9.03,141902,24.963,109.7,3.11,12.5,
RB I230,64 70.,133,09,27,1994,14,20,1(1I,1420 lb,24,iII, 1011./310, 12.1

11[3,200,64/10 333,09,27,1994,14,20.1ii.14201I,24 9HI,1013.7,3.11,12.!,

I~I() ,AM NDOL DY Ul i ul 1N 0 '1 199l"4 1'4;*2:11'

IiOUGIIAM lLNULD BY MCV

Figure 14. Main data file

O ieo;s tie data requires spec ial man ipulIationl (e.g. , ti e t i inc be in g ott or
tile necessitv oIf somec postrec(1Idiilg calibration change), tile data call he.
11nl1ort ed 101 i ise as S10111 as the data set is clIean ed . ThIiis is ac complipIished by
first saving a backup) copy Of' thle data set ill a saleC IllaIce, suIch as. a Write-
pii~tCeted floppy disk or separatle directory an1d then edlitinig thle file With a
DOS text editor. E-diting will consist of reilnoviillg extranleous inforimation s
thatl Only the header and data ieiilaiii. Tlhus , initiationl and prograiun quit intor.-
Illation should he deleted, as well ais records oit ainy Ehiiect conn~ectionis (ir plrint
sessions.

1-inally, the edited main11 data file, Viguic 15. now ellitailis onily the hieader
and data. Th is d ata set inclIud es thle var iAol les reservoir, stat ion , (Ici nial hour,
mouth day. year, colmpu~ter lillu, cI~ilpmll iLIvii'ilte, C0111lItite second, ly~dro-
lab1 time0, tempIIeratur11e, sp~ecific condLuctivity, dissolved oxygen, and battery

Svoltage. lThe dec~imfal 11l11r isý Used fill- pho~tin' diit NotLe thalt tile dlecimal

0 0S 5 0 40
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IRES S'I AlION DLCHOUIH MI H OAY YEAH IH OLMI MIN SLL -12o1IML- TLMP ' Sl;(INI' )! BATT1 1 ,200,647O.1 C7,09,27.1995. 14,10 t12,14 lu 0,24 li,108.7,_ 11,12.5

013,200,6470 10/ .09,27,19103,14,1 4,1410.1:3,24.Wi,,108.7,3. 1 1,12.5 ,)

H13,20O,6470.I133,091,27,190I,,14,1 ,.1 ,14111 14,24A 0, 10W7./,3.10,12.5 ,

R(3,200,6470.183:,09,27,1 99b.14 1,1 ,1,11 1 1,24 H6 108l.7,3.10,12.5

"R11,200,64 ,U,2.09,27,199b,14,12,09,14120H1,2 .U6,1U 1.,3.11,12.5

fii3,200,0470.2t63,O9,27,19913,14,17,S/,
4 

1,71 .24.9,108.7,3.11,12.,b

I113,200,6470.2U3.09,27,1 99,,14,17,59,14171H,24.94.10U3,7,3.11,12.5

RB,200,6470.3,09,27,1995,14,10,11,14 111(0.24.96,100.7,3 11,12.5

H3,200,64 70.3 i 7,09,27,199b,14,19,03,1419J02 ,24.9g .1013.7,3.11,12.b

I3i3,200,6470.333,09,27,199b,14,203,1(,142015,24 111,1011.7,3.10,12.5
113,200,6J4 10,.333,09,27,1995,14,20,1 l,142017,24 t.H.1018.7.3.1 1,12J, 6

Figure 15. Example of edited main data file

hour is the 6i11, Inceasured in hours, f rom the begintin:g of the year. Using

thi:, variable, you can plot any data vetrsus tim ie tI rollghout, the year,

Errors and Error Message
O

Device tilme-ClUt

* Call he caused by [lot having the Ilydiolah conlllected to the serial port,

mislabeling the serial port ill the MONILNIT.1)AT file, or by hot hav-

ing proper wirin, ciinect{od to the 1120.

) atit not acquired

* Normally caus ed by a dead 1120 battery Or a fault in the connect ii ll

lctwoeel the 1120 and the CImiptei 0

(CtommunicationisL' over flow

* Interval oil 1120 not set to 000000. Ibhis, ills the commlunications

ht10fCr 11nd OVerlaldS the Coliilii1,l1icaitiOll.

a Header not disabled. Frooi C0oniiii;iid illmelO of 1120, type (v)ariahle,

v(i)cader, and (d)isable.

(] i[t~";, R irt||th "J Fqlm1 7 •
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Appendix B
Comm Port Software

'11hisgsoftwart! allows direct CoinmunU]iCatiOll withl the Hydl-Olah.
Lines, 10-13 allow commiunicationi through two different ports arnd with two
different baud, rates. If LinQe 10 is not tile correct setting for your computer,
REM it out and edit out thle RLMN for the line thal mnatches your cominuiuica-
tion setup.

10 OPEN "COMl: 1200,N .8,I ,DS50U00" FOR RANDOM AS #1 'Opensi conim port for co~nininicaitiou,
11 REM OPEN 1COMl:2400,N,9,1,DS5U00" FOR RANDOM AS i$1
12 REM OPEN "COI'2-.l200,N,8,1,DS5000" FOR RANDOM AS #1l
13 REM OPEN 'COM2:2400,N,8,l,DS5000" FOR RANDOM AS #1

20 CLS
30 A$ INKE-Y$; IF A$ THEN 900 0
31 LOCATE 25, 1: PRINT "CTRL Q TO QUIT'
40 11; A$ CIIR$(17) TlIEN GOTO 999 'QUITS PROGRAM
50 P'RINT # 1, AS; 'SENDS INFO TO COM PORT
60 A$ INPIUTI$(LOC(l), #I) 'GETS RUSI'ONSU FROM COMPORT
70 PRINT AS;
80 GOTO 30
99)9 E'ND 'T1111S IS T111 EM l~) OFT 1 li PROGRAM

V B

rA ppedi 3 uind' ix B Bi
'• Cmm Prt oftwre

t hs sofwr losdr Sommt~to wit th Hdroa



Appendix C
Calibration Record

Generation? Y N

Arrival Time:
Departure Time:

Hlydrolab Unit: WES.- 1120 D)S3
Date deployed:

Initial Readings:
" _e__:_,C SpCoISd: ... ks

DO: .mg/l B3at Volt:... V

S..... upllacwrient Unit: WE, 1 120 DS3

,- Final Readings;
' ', "l'emlp: _ • Sl)(-'olI6: ... its

•.)DO: mIg/l B~at Volt:---. V

g Comimennts:

IS

i

-- Alpp.ntdx C' (;•ilih rntinl Rqi,,,, C10
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Appendix D
Additional Readings

American Public Health Association. (1992), Standard miethodsfi.~r the
e'xamhination ~f water and wastewatet. 19th ed., American Public Health0
Association, Washington, DC., 4-98 - 4-105. Standard Methods sets the
standards for prope laboratory procedures for water quality chemical
analysis, TIhis section is an informative discourse on various techniques
for measuring dissolved oxygen in water.

Hydrolab Corporation. (199 1). ff200 Multilmrameter water quality data
transmitter op~erating manual. 1-Iydrolab Corpor-ation, Austin, TIlX. The
1120 manual provides information on the operation and maintenance of tie
1120 water quality sonde.

Lemons, J. W., and Vorwerk, M, C. "Remote downstream monitoring of0
Savannah River hydropower rel eases," Miscellaneous Paper, in prepara-
tion, U.S. Army Enginieer Waturways Experiment Station, Vicksburg,
MS. This report details the installation ofnmonitor systems in a series of
three hydropower prlojects located on the Savaninahi River. '[he report
incluodes details on calibration schieduo es , ii ai otenarice, and data handIi ng .

Lett uiniaier, 1.). P1. (1978). "Decsign considerations for ambient stream qual-
ity monitoring," Water- Resources Bulletin 14(4), 884-902. T7his pape
discusses prIoper mon)IIitor p rograiln design to ensure samipl es that allow
water quality trend assessment.

.1 tLoftis, J . C,, and Ward, R. C. (1980). "W ater quality mionitoring--somne
p~ractical samnpling frequency conisid erat h ns." Environmental Management
4(0), 521 -526. Sampling frequenIcy determinations affect the statistical
analysis of water quality data. This paper discusses it case study and sev-[eral frequency effects that may bte uppl~j~d 10 other systemns.

Loltis, J. C_, and Ward, R. C. (1980). "Samupl ing frlequoncy selection for
regulatory Water quality mionitorinig," WitT ?'resourICeS BIdletill 16(3),
50 1-507 . Thiiis paper discusses the selectio n of' sampling frequ ency to
achi eve Sm all co mifd ence in terval s about an nual samnipe ic mans. This
irifirmat ion is used for regulatory pu0rpi) ses such as co mnpliance0
monitoring.
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Microsqft QuickBasic. (1990). Microsoft Corporation, Redmond, WA, This
nook and accompanying software provide a user-friendly programming
system. The programs written in this miscellaneous paper were wrilttn U
using Microsoft QuickBasic.0

Montgomery, R. 11., and Reckhow. K, H, (1984). "Techniques for detecting
trends in lake water quality." Wleaur Resources Bullefln 20(1), 43-52.
This paper discusses technliqlues for detecting water quality trends. A
miethod is presented that provides steps for hypothesis Formu1la1;tion,. data
preparation, data anal ysis. and statistical tests.

Valiela, D., and Whitfield, 1P. Hi. (1989). "Monitoring strategies to detcr-
mine compliance with water quality objectives," Water R~esources Bulletin
25(1), 63-69. This paper discusses water quality compliance monitoring
with respect to acute and chronic problems.

Vorwerk, M. C,, and Carroll, J. H-. (1994). "Implications of reservoir
release and tailwater monitor placemeont, " Lake and Re'servoir Manage-
ment 9(l), 170-172. Th1is paper discusses a case study of how to deter-
mine the representative'ness of a water monitor location. Several
important considerations for mon itor ing releases are Ii sclss ed

_______(1995). "Tailwater monitoring during periods of un-release,
Cooper River rediversion canial: A case study," Technical Note 05-95,
U.S. Armly Engineer Waterways Experiment Station, Vicksburg, MS.

Voiwerk, M. C., Jabour, W. E., and Carroll, J . 11, (1995). "Evaluation of

Tcncl Nohte, 12(5), 759767 Ahms Enineer discusses Exherolen oSta~i-
tin icksbrg MSye deisign r icssslcain and tehiqe ftor rj)r in rsls

riafo hate qualty~ facse.td monitoringsytm:Rve anadwattheri du trin

Ward R.C.,Lol'tis, J. C., and McBride, (;. 13. (1986). "The 'data-rich hut
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Whitfield, P. H. (1988). "Goals and data collection designs for water quality 6
EX monitoring," Water Resources Bulletin 24(4), 775-780. This paper dis-

cusses the function of goals in water quality monitoring. Five general
categories are defined: assessing trends, determining environmental 0
impacts, compli,•nce with objectives or standards, estimating mass trans-

andcts Wade,ýlc N.it L.(92.bMntrn traset,~~*port, and general surveillance.

;,, •: •Whitfield, P. Hf., and Wade, N. L. (1992). -Monitoring transient water
I•{ quality events electronically," Water tResourceý Bulletin 28(4), 703-711.

'This paper discusses three case studies that illustrate uses of data loggers
to record transient water quality events.

S(1993). "Quality assurance techniques for electronic data
acquisition," Water Resources Bulletin 29(2), 301-308. This paper
encourages techniques which ensure that levels of precision and accuracy
are documented. This is necessary to have defensible data.
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